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June/Juni 1992 1 Introduction Paints which do not contain any harmful substances and which are environment-friendly are the paints of the future . A start has already been made with water thinnable (also called water-borne Qr water-based) paints. The condition for water solubility is an ad equate number of salt groups capable of dissociation and the presence of other polar groups and their uni form distribution . The characteristic feature of these polymers is a high viscosity at relatively low molecular weights and low solids contents, which limits their use.
The anomalous viscosity behaviour observed during thinning, i.e. a temporary increase in viscosity due to maximum swelling (Fig. 1 ) , is compensated in practice by adding between 5 to 25 % of organic solvent.
Polymer dispersions do not have these disadvantages. The molecular weight has no effect, so that it can be quite high . Likewise, higher solids contents are possi ble [2] . The only problem is to make these particles combine to form a continuous, crosslinked film .
One way would be to partly dissolve the particles with organic solvents, but this would go against the need for red uced solvent emission. Another solution would be to incorporate water-soluble polymers, or to modify the particles by using film-forming polymeric surfac tants which could be ionic or non-ionic. This paper reports on investigations of core shell dis persions, in which a hydrophilic, polymeric shell, with surface active properties, was polymerised on to a solid, hydrophobic core. The bonding to the core can be chemical or adsorptive (Fig. 2) Such particles are no longer in accordance with Ein stein's viscosity principle [1] . which states that the vis cosity is dependent only on the volume of the solid phase, but not on the particle radius. Here we already have , in part, limiting states between water soluble 
The rheological quantities which are of most interest are the yield point, viscous behaviour at very low shear rates, hysteresis behaviour, shear resistance and viscoelastic flow, which can be determined by a vari ety of tests.
The model examples shown in are based on disperse particles consisting of a polystyrene core with a diameter of about 1 40 nm and a polyacrylate shell with methacrylic acid as the comonomer with salt groups. The weight of the shell is about 1 0 % of that of the core [2] . Fig. 3 shows the effect of solids con tent on viscosity. Evidently, there is a concentration boundary between Newtonian and non-Newtonian be haviour, which is characterised by the increase in inter particle interactions. The effect of the pH value is shown in Fig. 4 .
In the acid pH range, the carboxyl groups are not dis sociated, so that the particles may be regarded as solid balls. At higher pH values, salt groups capable of dissociation are formed, which expand the particle shell through solvation, resulting in pseudoplastic or non-Newtonian behaviour.
The effect of crosslinkage in particles consisting of styrene, ethyl acrylate and large amounts of metha- phase, and viscous ones out of phase (Fig. 6 ).
The delay of the shear stress-time curve y (t) com pared with the deformation curve y 0 (t) occurs with the loss angle 8, which lies between oo and goo (see Ta bles 1 and 2) . Here one obtains the storage modulus
Tabel/e 1 Table 1 Tabelle 1 : Verwendete Formelzeichen 
Loss factor G'
Realteil der G" komplexen Viskositat 11 '= [4) Actual part of the
Imaginary part of the (l) complex viscosity G' ( 1 ) as a measure of the reversibly stored energy and the loss modulus G" (2) as a measure for the irre versibly dissipated energy.
The loss factor tan o is obtained from the ratio of these two quantities (3). Further quantities are the ac tual portion of viscosity for viscous behaviour (4) and the imaginary portion of viscosity (5) for elastic behav iour. If the frequency is kept constant and the ampli tude varied , one speaks of an amplitude sweep. The size of the vibration amplitude must be in a range where the deformation and the corresponding stress are in a constant ratio to each other (Hooke's Law) .
Once the linear-viscoelastic range has been exceeded, the destruction of the stationary structure of the mate rial becomes apparent by the decrease in moduli, the stability being dependent on the size of the elastic por tion. During the subsequent frequency sweep, in which the amplitude is kept constant and the frequency is varied, the amplitude is chosen so that it lies inside the linear-viscoelastic range . Several stages are usu ally evident. Initially, the deformation energy is increas ingly stored as G ' . The next stage is a break-up of the internal structure, resulting in viscous flow. As the fre quency increases, the energy introduced can be dissi pated less and less completely. Entanglements are again formed, until a network is formed in which only the intermediate segments are still mobile (rubber elasticity), which is followed by a frequency range in which even the chain segments can no longer vibrate (glassy state).
Core-shell dispersions were examined, using a statistic test plan [3) . Fig. 7 shows the dependence of the stor age modulus on the degree of neutralisation and on the solids content, at different frequencies. The de pendence on the solids content is linear, whereas the curvature of the surfaces indicates a square connec tion between storage modulus and degree of neutrali sation, which is not easily explained . The important point is the evidence that the elastic component in creases with solids content and degree of neutralisa- storage modulus). If there is a further increase, one must expect a decrease of the storage modulus, due to the dissociation of the salt groups being affected and a reduction of the particle radius (Fig. 8) . The op posing behaviour of the storage and the loss modulus can be seen from Fig. 9 . In this case, the loss modu lus shows little dependence on the solids content and the amount of solvent present.
Summarising, we must again stress the complexity of the rheological behaviour of water thinnable paint bind ers. The examples given should be taken as an incen tive for experimental investigations, since theoretical predictions are possible only to an extremely limited extent. The chemical and physical structure of the dis perse particle, its size and distribution, its immediate surroundings due to other paint constituents that have been added and, finally, the method of application to be used -all these have to be properly balanced against each other. Here, rheology forms an important aid. 
